This paper summarizes the themes and recommendations that emerge from the papers presented by the Working Group on Tropospheric Ozone. In terms of current knowledge, the following are considered of particular importance: a) lack of clear evidence for a human analogue of the terminal bronchiolar and proximal acinar changes observed in the lungs of ozone-exposed animals; b) lack of evidence for a connection between the acute respiratory effects of 03 and possible chronic respiratory effects; c) need to better define the characteristics of 03-susceptible individuals; d ) the lack of adequate exposure assessment tools for reconstruction of lifetime 03 exposure; and e) incomplete information on the role of other ambient environmental pollutants in the facilitation of 03 effects or as a cause of effects attributed to 03 in human populations. Based on the above, several recommendations for epidemiologic research on health effects of 03 are offered. a) Studies to investigate the existence of chronic health effects of 03 are essential, particularly those that include autopsied human lung tissue and biologic and physiologic response markers. b) Studies are needed to link acute responses with chronic effects and should include joint epidemiologic and controlled-exposure assessments. c) Studies are needed to identify susceptible subgroups. Such studies should include newly emerging biologic markers of 03 exposure. d) Accurate and precise tools for chronic 03 exposure assessment need to be developed for use in retrospective and prospective studies. e) Collaborative studies between epidemiologists and laboratory investigators are needed to develop and evaluate markers of 03 exposure and to test 03 exposure models. -Environ Health Perspect 101 (Suppl 4): 237-239 (1993).
This paper will summarize the themes and research recommendations that emerge from the papers presented by the Working Group on Tropospheric Ozone, of the Health Effects Institute Epidemiology Planning Project. The order of presentation of the themes and research recommendations is motivated by issues of coherence and is not intended to imply prioritization on the part of the working group. References to the individual papers that develop the themes are provided to assist readers who may choose to read this summary paper prior to the individual presentations.
Animal research has provided coherent evidence that the earliest effects of ozone (03) on the lung can be found in the terminal airways and acinus and are consistent with the changes (acute inflammation, fibrosis) and anatomic location that could be the antecedents for the occurrence of accelerated aging of the lung and chronic lung diseases. (1) (2) (3) (1) (2) (3) (4) . Therefore, epidemiologic studies need to make use of methods that permit a direct test of the hypothesis that 03 does produce changes in the lung that are compatible with the occurrence of chronic lung disease. The use of human postmortem lung specimens (1, 2) and the parallel use of markers of biologic response (e.g., inflammation) and physiologic response (e.g., pulmonary function at the level of small airways) are considered to be essential elements in future epidemiologic studies of the health effects of 03 exposure (1) (2) (3) (4) (5) .
Most epidemiologic studies and all controlled exposure studies on the health effects of 03 have focused on acute responses of one kind or another. The implicit assumption of such studies has been that there is some relationship between these acute responses and the subsequent occurrence of chronic disease (3) (4) (5) . Nonetheless, this relationship has not been established firmly (4) . Moreover, the range of acute effects that can be attributed to 03 exposure and the public health burden that they impose remain incompletely defined (4, 5 (3, 4, 6) . To identify susceptible individuals, epidemiological studies will have to rely increasingly on biologic and physiologic response markers that more closely parallel the hypothesized effects of 03 on the respiratory system (1-3). Currently, there are insufficient data on the validity, reproducibility (under conditions of known exposure), and specificity of the range of possible markers of 03 susceptibility and exposure (3) . Studies specifically designed to provide data on validity, reproducibility, and specificity should proceed in parallel with or, preferably, as an integral part of epidemiologic studies of the health effects of 03 exposure.
Exposure assessment is an area of central concern for epidemiologic studies of 03 effects (2, 4) . Epidemiologic studies that deal with chronic health effects must provide at least a semiquantitative estimate of 03 exposure prior to the onset of the study (including longitudinal studies). To (4) . The nested study designs, (8) are the simplest examples employed to date.
The above synthesis forms the overall framework from which the following set of specific research recommendations are put forth (9 There were a number of research recommendations considered by the working group that do not translate strictly into epidemiologic studies. However, the working group felt that developments in these areas were of sufficient importance to epidemiologic studies of 03-related health effects that research into them should be supported in the context of an overall "Epidemiology Planning Project."
Laboratory investigations to identify sensitive and specific molecular, cellular, and physiologic markers of 03 health effects susceptibility are needed. Laboratory investigations to identify highly specific molecular and cellular markers of 03 exposure also are desirable. Such efforts should occur in close collaboration with epidemiologic investigators, and studies to determine the validity, specificity, and predictive values of such markers in epidemiologic studies should be undertaken.
The further development and testing of models of 03 exposure should be supported as a component of selected epidemiologic studies. Also, the further development, testing, and application of personal 03 dosimeters should be supported as a component of selected epidemiologic studies, particularly those studies with an emphasis on the development of overall methods for exposure assessment.
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